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SUMMARY
The L, N and M proteins of vesicular stomatitis virus (VSV) were resolved from each other by gel filtration in the presence of 6 M-guanidine hydrochloride. Amino acid analysis for purified M protein of VSV showed that its chemical composition differed from those of influenza and SV5 M proteins.
Proteins solubilized in 6 to 8 M-guanidine hydrochloride solution adopt a uniform conformation, so that their rates of elution from a column of cross-linked agarose gel are directly related to their tool. wt. (Fish, Mann & Tanford, I969) . For viruses with structural polypeptides of diverse sizes, this procedure has provided a simple and successful way of purifying individual polypeptides on a preparative scale for chemical and antigenic analysis (Green & Bolognesi, I974; Graves & Velicer, I974) .
The procedure was used to isolate the vesicular stomatitis virus matrix protein for chemical characterization since the matrix protein with a mol. wt. of only about 25 ooo to 29ooo should separate on the basis of size from the other virion proteins with mol. wt. greater than 4oooo to 5oooo (Wagner et aL I972; Wunner & Pringle, I972 ) . Such a simple procedure for purifying VSV matrix protein would facilitate a search for possible relationships among the many rhabdoviruses, of which VSV is a prototype (Knudson, I973) . Additionally, chemical analysis is an essential step in relating the function of the matrix protein to its structure.
VSV strain Indiana was grown at 34 °C in BHK 2t cell monolayers, infected with about o-I to I.o p.f.u./cell and maintained in medium I99 containing 2 ~ foetal calf serum. Virus was also grown with Eagle's minimum essential medium containing r or Io/zCi/ml of 14C-or 3H-amino acid, respectively, and o to Io ~o of the normal unlabelled amino acid concentration. Medium was harvested after about I8 h and clarified by low speed centrifugation; virus was purified by precipitation with polyethylene glycol (McSharry & Benzinger, ~97o) and centrifugation for 45 min at 8oooog through a I2 to 6o ~o (w/v) sucrose gradient in a Spinco SW-36 rotor. Opalescent virus bands were recovered and diluted, and virus was pelleted by centrifugation.
For initial chromatography studies, purified aH-leucine-labelled virus was solubilized by adding I vol. of virus to 4 vol. of pH 6.0 buffer containing 8 M-guanidine hydrochloride, IO -3 M-EDTA, and 2 ~o mercaptoethanol. The virus was heated to 56 °C for 4 h in a sealed tube, mixed with a small amount of dextran blue zooo and tritiated water as markers, and then chromatographed through an 85 x o'9 cm column of Sepharose 4B. Proteins were eluted with a buffer containing 6 M-guanidine hydrochloride, o.oI M-dithiothreitol, and o.o2 M-phosphate, pH 6"5. Fractions of 1.2 ml were collected and samples assayed for radioactivity in a Triton-toluene base scintillation fluid.
As shown in Fig. I , the major peak (I) of virus material eluted with the column void volume, slightly ahead of a very small peak (2). Two other large peaks (3 and 4) of virus protein also resolved on the column. Fractions containing each peak were pooled and, * YSV matrix protein, purified as described, was hydrolysed for 22 h at I I0 °C, in 6 N-HC1 and o'oi Mphenol. Amino acids were analysed on a Beckman 'Multichrom' two-column system. Cysteine was determined as cysteic acid after performic acid oxidation. Corrections were applied assuming only 9o ~ release of valine and isoleucine, and 5 and Io ~ destruction, respectively, of threonine and serine. All values for neutral and acidic residues are the means of duplicate assays, with and without performic acid oxidation. Values for basic amino acids and tyrosine were determined only for non-oxidized preparations. Numbers in parentheses indicate the standard error between determinations from oxidized and non-oxidized samples of one matrix protein preparation. Similar analysis was obtained for a separate matrix protein preparation.
Results for influenza and SV5 are data from Gregoriades (I973) and McSharry et aL (I975), respectively. "~ Assumes tool. wt. of 27 ooo, 25 ooo and 43 ooo for VSV, influenza and SV5 matrix proteins, respectively. after dialysis against distilled water, were concentrated by lyophilization. Acrylamide gel electrophoresis demonstrated that peak I contained mostly virus glycoprotein (G) contaminated with virus nucleoprotein and matrix protein; peak 2 contained virus L protein, with trace amounts of contaminating glycoprotein; peak 3 contained virus nucleoprotein, no glycoprotein and matrix protein were detected; and peak 4 contained matrix protein, with less than about 2 % of detectable contaminants.
In subsequent experiments up to about 5 mg of unlabelled VSV were chromatographed after the virus had been mixed with very small amounts of isotope-labelled VSV marker. Sufficient purified matrix protein was obtained for amino acid analysis (Table i) , which demonstrated that, in contrast to the matrix proteins of influenza and SV5, aspartic acid is the most prominent amino acid recovered. The chemical compositions of the three virus matrix proteins differ in numerous ways although the total content of polar amino acids (aspartate, threonine, serine, glutamate, histidine, lysine and arginine) is close to 5o Yo in each case. Differences in chemical composition of the proteins indicate the need to study their higher-order structure to determine whether common features are associated with the proteins' probably similar role of stabilizing the membranes of myxo-and rhabdoviruses (Lenard & Compans, I974) .
This report demonstrates that column chromatography through a gel of cross-linked agarose eluted with 6 M-guanidine hydrochloride is a simple way of extensively purifying the VSV matrix protein. Unlike other procedures (Bishop & Roy, I972; Dietzschold 
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Schneider & Cox, I974), the method involves only a single step and also yields the virus L protein in a high degree of purity, containing only about 5 % of contaminants. The nonstructural protein NS (Wagner et al. I972) probably co-elutes with the virus nucleoprotein.
Alternative purification procedures, not relying exclusively on size separation, will continue to be necessary to purify these proteins and the glycoprotein which aggregates in the presence of 6 u-guanidine hydrochloride.
